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(54) Polycarboxy/polyol fiberglass binder 

(57) Provided is a novel fiberglass binder 

comprising a polycarboxy polymer and a polyol. The 
amount of polycarboxy polymer and pofyot contained in the 



binder is such that the ratio of equivalents of hydroxy! 
groups to carboxy groups is preferably in the range from 
from about 0.6/1 to 0.8/1. It is further preferred that the 
molecular weight of the polycarboxy polymer is less than 
10,000, and more preferably less than 5000. 
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FIELD OF THE INVENTION 



The subject invention pertains to polycarboxy polymer binding resins. More particularly the subject invention Dertains to 
thermosetting, acryhc acid-based binder resins which cure by crosslinKing with a po.yL^TcJr^greuSlS 
cunng agent. Such b,nders are useful as replacements for formaldehyde-based binders in non-woven fiberglass goods 
BACKGROUND OF THE INVENTION 

norv F S a fihI| derS 3 ° f US6S ran9in9 fr ° m Stiffening a PP'i«tions where the binder is applied to woven or 

intermediate but yet curable product: and to fully cured systems such as building insulation 9 to rorm 

Fibrous glass insulation products generally comprise matted glass fibers bonded together by a cured thermoset 
polymeric materia,. Molten streams of glass are drawn into fibers of random lengths and blown rl a fSg chambe 

^JSmSSST? " ' ^ ° nt0 3 ,raVelin9 C ° nVey0r The fib6rS ** in <™ s " * * '- ng ch 3 : 
and while still hot from the drawing operation, are sprayed with an aqueous binder. A phenol-formaldehyde binder is 

rZ in r ° U9h0Ut ^ fibr ° US 9laSS inSU ' ati0n ,ndUS ^ ^MttMtet^tte frssf^ZtoXil 

romle bin, T T ^ ^ ^ ™ flenera "» t0 volatili2e ^ major* o a of hT^te 

from the binder, hereby leavng the remaining, components of the binder on me fibers as a viscous or semi-vhTusTh 
solids quid. The coated fibrous mat is then transferred out of the forming chamber to a curing oven w e e hea ed or 
example. ,s blown trough the mat to cure me binder and rigidfy bond the glass fibers together 

JTltT "i^ 6 ' 5 TH ^ PreS6nt S6nSe Sh ° Uld n0t be conhJSed ^ matri * which are an entirerv different 
elenZ 9 °: S f' ^ " b ' m(SerS "' matr « resins act to fi » entire IntSa ^ Ip ce 

tc The cZU? 5 T 9 ' n 3 . den , S6, fib6r reinf ° rCed pr ° dUCt Where me ma,ri * ™ st »» ™er strengm properties 

J , hT * rSSinS " aS ' US6d her8in 3re n0t s P ace - f «'ing, but rather coat only thffibers and 

artculany the junctions of fibers. Fiberglass binders also cannot be equated paper or wood product 'Snders' wtfere 

the adhere properties are tailored to the chemical nature of the cellulosic substrates Many such res'ns e a 

oiT^ V h 6 re r in0Vf ° rmaldehyde r6SinS - are " 0t Suitable for ™ a * ^erglass binders One L in art 
^fiberglass binders would no. look to cellulosic binders to solve any of the known problems associated with fibe^ass 

Binders useful in fiberglass insulation products generally require a low viscosity in the uncured state vet 
charactenst.es so as to form a rigid Unermose. polymeric mat for the glass fibers when cured. A low binder vSos ^n the 

tZTl t ' S t0 a "° W me t0 be SiZ6d C ° mC ^ ^ various ^ers tend to be to^Ts^S^ 

they lead to accumulation of fibers on the forming chamber walls. This accumulated fiber may Lr fa I Sto the mat 

be a7as s e *hl a Ir S ^ A binder ^ h foms a ^ ™«* «™ ««« * required o Jn shed 

From among the many thermosetting polymers, numerous candidates for suitable thermosetting fiberglass binder resins 

generaHy ruling out such resins as thermosetting polyurethanes, epoxies, and others. Due to their excellent 
osVperformance ratio, the resins of choice in me past have been phenoWormaldehyde resins Phenoia dehyde rSns 

extended phenoWormaldehyde binders have been the mainstay of me fiberglass insulation industry for years 

PaS ' Se T al deCad6S h0W6Ver minimizaeon of volatile ^ganic compound emissions (VOCs) both' on the part of 
he i ■nasty desinng to provide a cleaner environment as well as by Federal regulation, has led to extensive investigations 
.nto not only reducing emissions from the current fcrmaidehyde-based binders, but also into candZe 7 P SlZ 
T , ITT"' SUbt ' e Chan9eS in the rati0S 0f P heno1 t0 formaldehyde in the preparation of t e basic 

t^S^J^"^ * and addi,i ° n ° f differen ' and m ^ le ^ a *hyde sctenS 

has resulted ,n considerable improvement in emissions from phenol/formaldehyde binders as compared with the binders 

I h U T T 6Ver ' inCreaSin9 ' y Stnngent F6deral regU,ations ' more and ™'* *n on has been 52 to 
alternative binder systems which are free from formaldehyde. 

One such candidate binder system employs polymers of acrylic acid as a first component, and a polyol such as 
glycenne or a modesfly oxyalk^ated glycerine as a curing or "crosslinking" component. The preparation and proves of 
nrn^r ^ ' M9 mf0mStim re,atw to the VO <= emissions and a comparison of bfnde 

r^T r /I 5 " 5 ?! f0 T maldehyde tend6rS iS Presen,ed in "F°rmaldehyde-Free Crosslinking Binders For Non-Wovens ■ 

S£ ^ articraooea 3 'J ^ be bT'^i V °' ^ ^ 11 Pa9eS 161 " 168 ' N ° Vember 1995 " The ^ disclos^e 
Arkins article, appear to be B-stageable as well as being able to provide physical properties similar to those of 
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cure is catalyzed by a phosphoru con ninq caS svlm £T 1 * det3ilS °' P °' yaCryliC acid binders 
Published Application EP 0 651 08^S a^ia^^, f " ^ artC ' e P ™° US * C,ted ' Euro P ea " 
glass binders of EP '086 are pariah 7^^^ D o£SS^n k ^^'"'"a to celluloslc .ubstrato bindere. The ^er- 
polycarboxy polymers are prepared i ™ Sence 2 < sodium a ? ^raxy^ona. curing agents wherein me 

suture or by incorporaSng 'sodium hypop' p i e sep ZTTZT' ^ ht ° the P °'* mer 

the curing cata^st. Polymers of acrylic a cid and L e!c acid Jp I ° f po ^ arb °^ *> serve as 

strength as compared* po, y( acr?ic aa d) catTy Z Z ^ZZTlt'lT^ 1° ^ * " d Wet tenSile 

acids) are stated to pro.de powers ebbing nJre com^e^a^^^^^ 

increase in oven temperature could pro th^dd ? ton J tSST ^ reS ' nS ' Wh " 6 * ^ S8em that 3 Sim P le 
commercial setting, the exceptJonally lame ovens vZTi V* r ™ * ™ St be that in a 

binder wKh higher thermal energy^ equ emeS Tb.^ZL'T" *> * » 3 

considerable financial investment in many case * ( ChangeS ™ n0t minimal ' and ' e P rs ^ * 
likely that for a considerable period o/Z a t a 'v ZTbSl d * i0nal fUfnaCe ' en9th ' M ° re ° Ver ' 11 is ^ 
times. Thus, any change made to the curina oven's 2 TL 1 T ^ ™* US6d ° n the Same line at diffe ™ 
h-J I cunng energy regents ^ ^^1^ ^ 

during the processing has been one ma^oblem A Im, 9 °' ^ '° inside ° f the fo ™ n 9 cn ^s 
rigidity necessar, to^e a commer^ ^^^£2? p^ucT ^ ^ ^ " 

US t^nTdi ~ iS 10 Pr °' de 3 bindSr *** « » ^-glass insu,ation 

and^d^ iS * ^ 3 which exhibts good recovery 

a^'Zr b8C0me aPParem t0 "» Ski " ed ^ "P- a — - the 



SUMMARY OF THE INVENTION 



"-e * *» ^ —on a nove, fiber g ,ass binder. The 

a catalyst such as an Valine meTsatof Z£2£Z£ ZSFJX "° ^ «« - 

J that the a — ' - P-^-boxy polymer and poiyo, 
^ of from abouto.. to ,0, ™reX=^^^^^^ 

ac^^^^^^ .ore preferably less than 

.suit: r. ? h r ^^T^w^rr' w ' ,he required hi9h hydr °^ 

balling of the fiberglass fibers during the p eoa rator o? thf ih Prepann9 3 " ber9 ' asS product ' Stickin 3 arld 

product a.so exhibits excellent r^S^SS ' ^ °' min ' ma ' reSU ' tin9 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The polycarboxy polymer used in the binder of the present invention comprises an organic polymer or oligomer 
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isocrotonic acid, maleic acid cinnamic acid 2 methyl* 12 ■, ' ^ a °' d ' methaCf y |ic acid, crotonic acd, 

acid, and the liRe. At^^Tl^^ZTl , ' acid ' ^-ethyieneglutaric 

necessarily iimited to, ^ASS^Bl S'S.HTJTT" ***** inClUdin9 ' " n0t 
polymerizing these acids and anhydrides are we TZ c^L a* " ^ fcr 

--sars r prise a r ymer of one ° r - ° f - 

necessarily limited to, styrene, a-methyistyrene aoZnrtrile , 7" V ' ny ' com P° unds including, but not 

presents few processing difficulties and a produc"^ 2 ! ^ rati ° reSUlts in a ^ which 

pentaerythrtol, trimethylol p^nrsSw'^cS clucl* - ^ 6Xample ' ^ 

cydohexane did, diethanolamine t.^^^^Z^TT, 1 ^ 9lyC °" ated UreaS ' ^ 

such as. for example. ois[N N-*«-hydrox!e^ZLLarnM? s ^ 6Xample ' ^ d ™* a 'Mamides 

No. ,07*917. hereby i**^^^^ Z £ ^dl^ " ?■ * ^ 

groups such as, for example, polyvinyl alcohol dkMn'Z^, 7 ! P ^ COntaln ' n9 at least ^ 

hydroxyethyl (me*, acryla.e. hyZ^J^ ?" hon * rs ° r -powers 7, 

present invention is tnethanolamine *EA) P ed POly °' f ° r pUrp0ses of «» 

to ihe an nZ°er a of Z^J^Z^S Tsl^Tl^ T** « <™* '™ - ^ 

preferred that the ra, ra is in the range of^om lb 0 4/1 a ou n 0 ndm T * 1 T ^ M * is 
0.6/1 to about 0.8/1 In a preferred embodiment Z L, , m0re P referabl V in the range of from about 

carboxy, anhydride oc^^^T^^TZ 1™ Tl ^ '° ^ 075/1 " eXCeSS of «M«lerfc of 
stoicbiometry of the polyo. be nTsuc that th nib e r o f ^ 7f * UOm the P °' yo1 is re ^> w ,th the 

preferabfy about 60-80% and more »l 55 41 T T the P ° ly0 ' iS SUCh that * is ™ st 

For it has been found that to he T^LT' . 1!™ ^^.^out 70% of the equivalents of carboxy units. 

molecular weight is reduced. Otherwfce p mpet tos s o ™ h°1 P ^ ^ Sh ° Uld appr0ach 07 as ,he 
polymer approaches 2000. ,e ratio shoUd ^TrtZ^J^^' «*« * "» P °^*V 

mo^SX^ - « — a 

less than about 1000 such as for example an a Z I l£i 1? k ? Y 8 C ° mp0md a molecular wei 9"t 
poiyphosphoric acid, and an a ky pho phiSc acid or mat t ?1 T ' ^ a ' ka " mSta ' dihydr ° gen P^P^a 
groups such as, for example, additio ^ po ymers of w*^^' W ^ W ^^^' > ^™***9 
hypophosphite, addition poryme s preoared f Z ^L T ° ^ f0med in the P resence of s °«ium 

chain transfer agents o? SSJX Z^SZ^Z STT !* ^ °' Ph ° SPh0r ° US Sa " 
example, copo^merized phosphoethvl methacivJ ^ T „ ! ^ 9 ac,d - funct,onal mon °mer residues such as. for 
monomers, and *eir f™" C0 P°'» ** sulfonic acid 

by weight based on the combined weight of ^thTZyacid anThe^L^ pi I ^ ° f ^ ab ° Ut 1% '° about 40% - 
accelerator of from about 2 5% to about 10% bv wlh. 7 V ' S 3 ^ ° f P hos Phorous-containing 

The formaldehyde-free Arable lueous bTn? * C ° mbined Weigh ' °' the P °^ Cid and »» P°** 

components such as, Je am e 'emu', ie" T^mTZ 7* addi,i ° n ' trea,ment 

"•^Jo,^^ 7 ad f - - - pofyol. and 

anhydride-containing addition po^mer and a nolvni Z Z ?• teChniques ' ln another embodiment, a carboxyl- or 
would contain both'carooS an£ride or "JKS func S ^ f ^ addiC0 " P °^ er - addi6on P^ 
salts of the carboxy-groupare silts of L^LT a ,ZlZT\^ ^ ,unctionali ^ ln a "°<her embodiment the 
diethanolamine. .neV,anolamine ZomZe IS J •« ^ ' 8aSt ^ hydr ° Xy ' gr ° UpS such as ' ,or 

thephosphorous-contalnin acc an addiSonal em « •» and 

m,ed * a po,ac, in ye, ano ,er e ^ m J~ T^Z^^T^ 
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the phosphorous-containing accelerator may be present in the same addition por/mer. Other embodiments will be apparent 

less Tn bout 3 '/ 1 ! ZT* T?™^ ** ™^ 9r ° UpS ° f ^ p0lyacid ma * be neufralized to an ^ °< 
111 TnTt „ 1 ' dmn9 ' ° r after lhe mng ,0 provide »* a " ueous composition. Neutralization 

may be partially effected dunng the formation of the polyacid. 

The formaldehyde-free curable aqueous composition may be applied to a nonwoven by conventional techniques such 
or flie like SPraYin9 ' Paddin9 ' SatUratlng ' ro " coatin 9' curtain coatin 9. "eater deposition, coagulation, 

The waterborne formaldehyde-free composition, after it is applied to a nonwoven, is heated to effect drying and curinq 
The duration and temperature of heating will affect the rate of drying, processability and handleabilit? and prS 
development of the treated substrate. Heat treatment at about 120'C. to about 40O»C. for a period of toe between about 3 
seconds to about 15 minutes may be carried out; treatment at about 150°C, to about 250°C is preferred The d^ing tnd 
cunng functions may be effected in two or more distinct steps, if desired. For example, the composition may be first heated 
at a temperature and for a tme sufficient to substantially dry but not to substantia^ cure me composition and men heated 

s "B-s °1 Z I 9 : r PeratUre and/ ° r f ° r 3 l0n9er P6ri0d °' Sme 10 e,fect cu ™9' Such a P r °cedure, referred to 
n J" T 9 ' T, f 10 Pr ° Vide binder - treated sample, in roll form, which may at a later stage be 

cured, with or without forming or molding into a particular configuration, concurrent with the curing process 

technin^ P f A, Ul i^' PrePara *° n ° f fiber9 ' aSS M ™ pr ° dUC,S ' * e P roduc,s can be P re P ared using conventional 
techniques. As IS well known, a porous mat of fibrous glass can be produced by fiberizing molten glass an' immediately 
forming a fibrous glass mat on a moving conveyor. 

t J™ T 1 !T C ° nVeyed t0 ttlr ° U9h 3 CUrinS ° Ven Wherein hea,ed air is P assed »» ™* to cure the resin 

The mat is slightly compressed to grve the finished product a predetermined thickness and surface finish Typically the 

180 to about 250 C. Generally, the mat resides wrthm the oven for a period of time from about V4 minute to about 3 
minutes. For the manufacture of conventional thermal or acoustical insulation products, the time ranges from about 1 
Z wNr^ £ m ' nUteS - Tf \ e ! ibrous havin 9 a "Sid binder matiix. emerges form the oven in the form of a 
bat which may be compressed for packaging and shipping and which will thereafter substantially recover its vertical 
dimension when unconstrained. 

The heat-resistant nonwovens may be used for applications such as, for example, insulation batts or rolls as reinforcina 
or insulation mat or roofing or flooring applications, as roving, as microglass-based substrate for printed c" uTS 
or battery separators, as filter stock, as tape stock, as tack board for office petitions, in duct liners or duct board and 
as reinforcement scrim in cementitious and non-cementitious coatings for masonry. 

EXAMPLE 



A list of resins applied and their properties is shown in Table 1. The resins were inline mixed with a solution containing 
a yellow dye and an appropriate quantity of an amino silane (Osi A1101), and a soft water stream. These components were 
then delivered to six sets of twelve spraying nozzles where they were hydraulically dispersed. The nozzles were arranged in 
six circles spraying the binders towards the center of the freshly formed fiberglass from a distance of about 8 inches The 
fiberglass was manufactured using a standard fiberglass spinning machine located approximately 12 inches above each 

ZZn 5 J f L ?'f K S Pr ° dUCtiCn and binder Spray rates were ke P' constant sucn tnat «he Anal cured binder 

content represented about 5.5 weight % of the finished product. Of that cured binder content approximately 0 2% 
represented the silane. The final solids content of the binders as sprayed was around 10% 

Mat moistures at the exit of the forming chamber were measured for each set pointfTable 2). This gives a gauge of the 
dry down rate of each binder. High ramp moisture has been linked to improved product performance 

Binder flow was increased until some signs of under-cure showed up and then slightly reduced. Ramp moistures were 
measured in excess of 5% when problems were encountered. 

The recoveries and droops for each of the samples were anaryzed with a two tailed t-test in vtffeh early set points were 
compared to the early control and later set points were compared to the later control. The controls were also compared to 
determine whether any changes had occurred during the day. Where a significant difference exists (95% confidence) it is 
indicated with a plus or minus. The results are shown in Table 3. 

Generally, there are no significant differences in recovery or droop between TEA levels on the lower level product Upper 
evel recoveries and droops indicate better product performance with the higher TEA level for both resins 8 and D In 
theory, the shorter polymer chains require more crosslinks to achieve the same mechanical properties as longer chain 
polymers with fewer crosslinks. Laboratory studies of crosslinker stoichiometry vs. mechanical strength of the binder 
indicate this to be true. A crosslinker level of approximately 70% should be used with these low molecular weight acrylic 
resins. 9 1 

From the results, it can be concluded that building insulation can be produced wrth acrylic resins that are essentially 
emission free and formaldehyde free. This product can be produced to meet recovery specifications and have equal or 
better droop than standard phenolic product. 
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Sample No. 
Test Point 
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2 
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Average 




% Moisture 


% Moisture 


% Moisture 


% Moisture 




0 




2.82% 


2.79% 


2.32% 


2.64% 




X1 
X2 




' 089%~ 
?03%~ 


0,90% 


0.89% 


0.89% 






2.41% 


1.60% 


2.01% 


X2B 
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8.08% 


3.20% 


5.67% 




X4 
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3.51% 
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2.74% 




X3 
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I 3^03% 


_2J8%i 


I Z35% 
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4.41% 


5.97% 
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4.53% 




X7 
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4.01% 


3.77% 
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3.92% 


2.79% 


3.51% 




X11 
T1 


2.52% 
7.04% 
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1.77% 






5.86% 


6.59% 
6.96% 


9.72% 
10.24% 
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7.69% 1 
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4.72% | 
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While the invention has been described with preferred embodiments, it is to be understood that variations and 
modifications may be resorted to as will be apparent to those skilled in the art. Such variations and modifications are to be 
considered within the purview and the scope of the claims appended hereto. 
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Claims 

1- A fiberglass binder, comprising an aqueous solution of 

5 

a) a polycarboxy polymer, 

b) a pofyol, 

2- The fiberglass binder of Cairn , wherein the Secular we,ght of ,e po,carbo*y po,mer is 10.000 or less. 

« 3 pSsr<sssj erein the b,nder further compris - * -p- ing an a..,,- mrtaI salt of a 

<• The fibers binder of Cairn 2. herein ,e moiecuiar wei g h, 0 , ,e po^carboxy po^mer is aboul 5000 or iess 

6 ' rni^rSr ind6r ° f C ' aim 3 ' Wh6rein ^ iS * ^ hypophosphite, so dium phosphfc or 

7. The fiberglass hinder of claim 2, wherein the pofyol is triethanolamine. 

8 ' pSLS'S bind6r ° f C ' aim 1 ' Wh6rein ,he P °'^ -.prises a homopolymer or copoiymer or 

9 ^aS^^ 

10. The fibergiass binder of Cairn 9, wherein ,he ra«o is in the range of from about 0.6/1 ,o about 0 75/1. 

11 h s^r^ij s, itrsr of equivaiems ° r h « ^ «° - ™ 

12. A fiberglass binder, compnsing an aqueous solution of 

^^0^ " - PC*** acid, and w«h the moiecuiar 

triethanolamine, and 

a catalyst comprised of sodium hypophosphife. sodium phosphite, or mixlures thereof. 

13. The fiberglass binder of Cairn 12. wherein the moiecuiar weigh, of the po.carboxy po^er is about 3000 or iess 

14. The r,berg,ass binder of Cairn 12. herein the moiecuiar weigh, of the polycarboxy po^er is about 2000. 

15. A nberglass produc, compnsing a ma, of glass fibers containing the binder of claim 1. 
55 16. A fiberglass produc. compnsing a ma. of glass fibers containing the binder of claim 12. 

17. The fibergiass produc, of Calm 15, wherein me produc. is building insuiaton. 
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18. The fiberglass product of claim ,5. wherein the bui.ding insulation is insulation for me roof. 

19. The fiberglass product of claim 16, wherein the product is bui.ding insulation. 

5 » A process for ma.ing a Ibergiass Iber ma, using a binder. ^ the binder coming the fibergtass binder of Cairn 1. 
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